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THE types of anaesthesia suitable for adults are not altogether suitable for infants, i.e. children under 2 yeais of age.
Venepuncture is often difficult and muscle relaxants are not always required; anoxia, associated with induction by nitrous oxide, is badly tolerated; tachypnoea may occur when trichloroethylene is used.
During ether anaesthesia excessive ventilation over long periods and circulatory depression in the deeper planes limit the operating time and predispose towards shock. It was dissatisfaction with ether, especially its adverse metabolic effects on feeble infants and those suffering from toxaemia, that led to this investigation of the use of cyclopropane.
Cyclopropane may be used in anaesthesia for infants by the to-and-fro carbon dioxide absorption technique (closed method) or by the partial rebreathing technique without carbon dioxide absorption (semiclosed method) or by a combination of these techniques.
Closed Method.
This technique is criticized by a number of authors on the following grounds:
(1) The resistance of the soda lime taxes the energy of the infant (Stephen, 1952) .
(2) It is necessary to change the soda Urns canisters at frequent and often inopportune moments (Bergner and Schafer, 1956 ).
(3) Icing of the canisters is often not sufficient to prevent a rise of body temperature during operation (Hampton et al., 1952) .
(4) A serious carbon dioxide accumulation may be masked (Wilton, 1952) .
(5) Excessive bleeding occurs (Wilton, 1952; Fairlie, 1954) .
(6) Postoperative shock is more marked (Fairlie, 1954 ).
(7) Muscular relaxation is obtained only in deep planes of anaesthesia (Stephen, 1952) . Leigh and Belton (1950) consider that the " use of absorption technique in the first months of life is impracticable". Another important criticism of the closed method is that the proportions of the gases (cyclopropane, oxygen, carbon dioxide and water vapour) delivered to the patient's lungs are not known and there is a resultant danger of respiratory depression, serious cardiac irregularities and postoperative cyclopropane shock. This criticism also applies to the combination of closed and semiclosed methods, especially when nitrous oxide is used as well as cyclopropane and oxygen.
Semiclosed Method.
Cyclopropane has been used in this way: (a) For the induction of ether anaesthesia (Deming, 1952; Zindler and Deming, 1953; Bergner and Schafer, 1956 ). (b) As an adjuvant to nitrous oxide-oxygen anaesthesia, in 5 to 10 per cent concentrations, to produce analgesia in infants under 6 months old (Stephen and Slater, 1950; Stephen, 1954) .
Combined Method.
The use of cyclopropane in a Heidbrink machine with circle absorption and open expiratory valve is described by Shane and Ashman (1952) .
The following method of cyclopropane anaesthesia by the semiclosed technique has been tried over a period of about nine months on an unselected series of 84 cases (table II) and has been found to be both safe and suitable for operations on infants of up to two hours or more duration. It may be used on slightly older children for operations of short duration.
TECHNIQUE
Premedication. Atropine 0.15 mg up to 6 months old; 0.3 mg from 6 months to 2 years.
Atropine alone is used to avoid respiratory depression and to inhibit the secretions stimulated by cyclopropane. It also gives protection against vagal reflexes.
Induction. A Boyle's machine and Magill's rebreathing attachment or Cope's apparatus without the soda lime absorber are used, care being taken to ensure that the expiratory valve is opening easily. The oxygen flow rate is set at 1.25 litres per minute and normally remains at that setting throughout the operation.
The nitrous oxide flow is adjusted to 3 litres per minute. The mask, with expiratory valve fully open, is approximated gradually to the infant's face. Cyclopropane is added immediately the mask is in place and the flow steadily increased to 750 ml per minute to give a concentration of 15 per cent cyclopropane.
If a deeper level of anaesthesia is required the nitrous oxide flow rate is reduced to 2 litres per minute to give a concentration of about 20 per cent cyclopropane. The oxygen percentage may be increased at any time at the expense of the nitrous oxide, as for example for neonatal anaesthesia where the oxygen concentration should be at least 50 per cent for all operations of more than short duration. Intubation, facilitated by the relaxation of the masseters, is a protection against inhalation of stomach contents and laryngeal spasm which may occur at such light levels of anaesthesia. With the flow rates recommended it is impossible, in the presence of an unobstructed airway, to reach a deeper level of anaesthesia than plane 2. Recovery of consciousness is very rapid, usually within a minute or so from the cessation of the anaesthetic, and is often followed by a light sleep for a period, though postoperative pain will require early treatment.
The postoperative condition of the patients has been most satisfactory even after long operations, and cyclopropane shock did not occur.
The average respiratory rates and minute volumes of children under anaesthesia have been given by Hall (1955) It will be seen from table I that the total flow rate of the combined gases, when 10-15 per cent of cyclopropane is given, is materially in excess of the minute volume of infants under 2 years old, thus carbon dioxide accumulation should not occur. There has been no evidence of such accumulation as shown by the absence of excessive bleeding or sweating, bounding pulse or shock. However, when 20 per cent of cyclopropane is given, the total gas flow rate is below tie respiratory minute volume of infants over 1 year old. Therefore, using the flow rates recommended, the concentration cyclopropane should not be in excess of 15 per cent for such older infants except for short periods (e.g. to hasten induction of anaesthesia). Haemorrhage does not appear to be greater than with other methods of anaesthesia.
DISCUSSION
The advantages of this method are:
(1) It is simple and gives a range of anaesthesia suitable for most operations on infants.
(2) A concentration of at least 25 per cent oxygen is assured at all times, while the proportions of the gases delivered to the patient are known and carbon dioxide absorption apparatus is not required.
(3) Induction is rapid and the odour is not unpleasant; there is therefore little breath holding or struggling. Vomiting has not been encountered during maintenance and once only on inductionin a moribund infant with a strangulated hernia.
(4) The plane of anaesthesia can be rapidly varied and is readily recognized by the position and movements of the eyeballs and the depth and character of the respiration. The signs of depth of anaesthesia are clear during induction and maintenance.
(5) Recovery from the anaesthesia is rapid and there is minimal postoperative vomiting and metabolic upset. Feeding can begin within an hour or two if the surgical condition permits.
(6) Light anaesthesia can be maintained for long periods and the infants' normal reactions to stress are probably little impaired. Postoperative shock has not been encountered.
(7) Relaxation is adequate for all operations on neonates. Abdominal relaxation in older infants is variable and is easily obtained by the temporary addition of very small quantities of ether. Controlled respiration can be instituted without difficulty.
(8) Capillary oozing is not marked because, with nitrous oxide and about 25 per cent oxygen, arterialization of the capillaries does not occur, as is seen in closed circuit cyclopropane anaesthesia with higher oxygen concentrations.
(9) The gut tends to be contracted and peristalsis remains active.
(10) With atropine only as premedication and the light levels of anaesthesia obtained, respiration is quiet yet not materially depressed, thereby avoiding carbon dioxide accumulation.
(11) Vagal inhibition has not occurred and is unlikely to do so, as, in addition to atropine premedication, induction is by nitrous oxide and oxygen and the cyclopropane is added gradually and never beyond 20 per cent concentration. Thus respiratory arrest or cardiac irregularities due to deep cyclopropane anaesthesia cannot occur. Stephen and Slater (1950) state: " Cyclopropane is used freely in paediatric anaesthesia. Due to the inherent automaticity of the heart and its freedom from organic lesions in the young, arrythmias or irregularities are seldom produced by this agent." The disadvantages are:
(1) The mixture is explosive and must not be used when diathermy or other source of ignition is present.
(2) The method is expensive but operations on infants are relatively few and often of short duration.
(3) Respiratory depressant premedication cannot be used.
(4) The possibility of bronchospasm must be envisaged but has not been encountered in this series.
The criteria for anaesthetizing small children, as listed by Stephen and Slater (1950) , include: maintenance of as even and light a plane of anaesthesia as is compatible with the surgical procedure; absence of resistance to respiration in the circuit; eradication of mechanical dead space and avoidance of carbon dioxide accumulation; and availability of facilities for assisted respiration. Rees (1950) states: " On theoretical grounds it is desirable that any technique employed for anaesthetizing young babies should not tend to increase the respiratory volume per minute, and should, if possible, reduce the amount of mechanical energy required for pulmonary respiration. . . . Deep levels of anaesthesia or heavy curarization are not necessary to produce muscular relaxation, because muscle tone is virtually nonexistent in the newborn." Cyclopropane " would seem to be the ideal anaesthetic for neonatal patients " were it not for the excessive loss of blood and postoperative shock. Griffiths (1952) gives the following advice: " Keep the level of cyclopropane anaesthesia as smooth and even as possible. Cyclopropane will produce quiet, nonirritating relaxing anaesthesia provided one does not allow the level to fluctuate up and down by careless administration. Unnecessary alterations in # the depth of anaesthesia will allow swallowing, vomiting, hypersecretion of mucus, laryngeal spasm, coughing, and abdominal straining."
The method, described above, of cyclopropane anaesthesia by the semiclosed technique, as can be seen from the advantages already listed, satisfies to a large extent the above criteria. In particular, postoperative shock was not observed and the patients reacted to the surgical trauma extremely well. A patient with double cleft lip, aged 9 months, illustrates the absence of undue haemorrhage. The operation took 2 hours and blood replacement was not required: the level of maintenance of anaesthesia was at 15 per cent cyclopropane. Although the number of cases is not large, a wide field of paediatric surgery has been covered.
The method is considered practical and safe for most operations on infants, including major operations of long duration. Zindler and Deming (1953) consider that the agent of choice for patients with congenital oesophageal atresia is cyclopropane. However, this method has not been tried for such infants on the theoretical grounds that the handling of the mediastinum and the interference with oxygen and carbon dioxide exchange might disturb the action of the heart.
SUMMARY
The methods by which cyclopropane may be used for anaesthetizing infants are mentioned and the critical opinions by various authors are reviewed.
A method of cyclopropane anaesthesia for infants is described. A series of cases on which it has been used is listed, covering a wide range of paediatric surgery.
The advantages and disadvantages of the method are discussed. Criteria for infant anaesthesia by several authors are quoted. It is considered that the method described satisfies, to a large extent, these criteria and that it is practical and safe for most operations on infants including major operations of long duration.
